INTRODUCTION
Eddy current testing is currently used to determine the physical characteristics of a conductive specimen and to detect defects by measurements of electrical impedance of an eddy current probe. In this study we developed two systems of coils allowing to determine properties of conductive coatings and foils. A probe cantairred two plane reetangular coils connected in series and separated by a fixed distance. A coated plate or a foil was placed between the coils and the coil impedance was measured using a digital impedancemeter. The discussed probe had a !arge length-to-width ratio and was modeled using the simple twoconductor line model, which express solutions in terms of the integrals cantairring no Bessel but, only common trigonometric functions, which considerably reduces the inversion time. The method allows reproducible measurements on coated conductive sheets. Alumirrum 15-45 f..lill layers have been measured on steel and stainless steel substrates.
THEORETICAL BACKGROUND
Let us consider a system oftwo reetangular o-function coils, one ofthem being an induction coil and the other a pick-up coil. The geometry ofthe problern is shown in Figure I . The system is placed above a coated conductive half-space. Liftoffs ofthese coils are equal. The induction coillength and width are respectively 2x 0 and 2y 0 . Those ofthe pick-up coil are respectively 2x 1 and 2y 1 
where 11 2 = a 2 + ß 2 , lk is the z-coordinate ofthe boundary surface between the kth and k+ lth regions and Ix and IY ( /Ixl = /I) = I) are x andy components ofthe induction current. We must take C 1 (11) = 0 and B 4 (11) = 0, where z goes to infinity. Evaluating the last terms in ( 4) and ( 6) gives
Performing the Fourier inverse transform, we have for the vector potential in the first region the following expression :
where for a magnetic conductive sheet the coefficient D is given by:
The induced in the pick-up coil voltage is :
A similar relation for a system ofprobes, each being a two-conductor line, is given as:
where 2y 0 and 2y 1 are the respective widths ofthe induction and pick-up two-conductor line.
A theoretical comparison between the expressions (13) and (14) in the frequency range5-100kHz gave discrepancies below 2 percent when the length-to-width ratio ofthe reetangular coil was greater than 10. In the sequel, we will use another form ofthe relation ( 14) derived for the electrical impedance of a single layer coil, which is given as follows [ 1] : (15) where 2y 1 and 2y 2 are the inner and outer width ofturns. The good experimental results obtained using the last formula for conductive foil thickness measurement [ 1] reported earlier (see Table I ) encouraged further applications ofthe modeL The main problern remains in the probe liftoff variation. If in the case of a thin foil inspection this problern can be solved by using a soft support and applying a constant Ioad to a probe. For the thicker foils and metal sheets the Iift-off influence seriously damages precision. Let us analyze two systems of prob es shown in Figures 2 and 3 .
A forrnula currently used in electrical engineering for coupled inductances is
where L, are self inductances and M is a reciprocal inductance.
Similarly for the systems of coils shown in Figures 2 and 3 , we obtain for the vector potential the following expression: • -deterrnined using a foil with known thickness; •• -determined using the rneasured conductivity value. 
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where for a conductive sheet the e, V and V' coefficients are given by:
Zl = 1 + (113 I 1-13 + 11)(113 I 1-13 -11)(1-ex:p(2113m); e-2~1,, To compute a multi-layered conductive sheet, the Cheng matrix method [2] was used. Results of a simulation for magnetic and non-magnetic conductive sheets using the schemes ofprobes shown in Figures 2 and 3 are given in Figure 5 . The distance between higher and lower turns was tak:en to be 5 mm, the thickness of sheets 1 mm, the parameters y 1 and y 2 were respectively 5 and 15 mm, and inspected sheets were centered inside the coils.
EXPERIMENT AL SETUP AND MEASUREMENTS
All impedance measurements were tak:en at room temperature 20 ± 0. 5° C with a Hewlett Packard HP 4275A LCR-meter driven by a 486-DX4 100 MHz PC. Two probes were manufactured, whose actual dimensions and electrical properties are given in Table II . The coils were connected to the digital bridge via a one meter length cable.
To calibrate the probes, i.e. to determine an equivalent distance between the coils, a 1 mm alumirrum sheet was used. Electrical impedance measurements were performed at 2 frequencies on ferromagnetic and non-ferromagnetic sheets covered on one side by a number of 15 Jlm alumirrum foils. Varying numbers oflayers modeled the coating thickness variation. Experimental results and corresponding theoretical points are given in Figure 5 Apparently, an inversion of eddy-current data in the case of a non-ferromagnetic sheet covered with a non-ferromagnetic conductive layer is feasible using well known inversion methods. Taking into account that with a thin coating one can infer the thicknessconductivity product [3 ] , we need to know the coating conductivity to deterrnine the thickness but the measurement can be lirnited to a single frequency, which reduces the inversion time. Results ofthe inversion for steel and stainless steell mm plates covered with varying numbers of alumirrum foils are given in Table III . The inversion was carried out via the two-variable Newton-Raphson method. Inferred thicknesses are very close to actual values for stainless steel sheets.
When inspecting ferromagnetic coated sheets, precision falls off especially at high frequency. This is caused by non-uniforrnity ofthe magnetic permeability over the space and frequency domain, a problern which can be solved if the magnetic permeability variation curves are more or less perpendicular to those ofthe thickness variation. This question now being extensively studied. Note that coil A has a very sirnilar behavior tothat of a long cylindrical coil with a conductive rod inside, i.e. when the quantity y 2 -y 1 is about 10 times !arger than the air-gap I, the probe becomes almost insensitive to the conductive sheet vertical displacement and tilt. When inspecting at low frequency an object with an important relative magnetic permeability Figure 6 . Experimentaland theoretieal points related to 1 mm steel and stainless steel sheets eoated by 0, 15, 30 and 45 11m alurninum layer. 
CONCLUSION
Two systems of eddy-eurrent prob es were theoretieally and experimentally studied. Both have a very small sensitivity to vertieal displaeements of an inspeeted objeet inside the probes, whieh allows reprodueible eddy eurrent measurements on eoated plates. For nonmagnetie plates eoated on one side with a non-magnetie layer the aeeuraey obtained is better than 1 11m in the range ofthieknesses 15-45 Jlm. For magnetie plates the aeeuraey was araund 10 pereent whieh follows from the magnetie permeability variations.
